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Cell cycle: The trouble with tribbles
Laura A. Johnston
Cell division and cell movements must be coordinated
during development. A novel inhibitor of cell division,
Tribbles, has been identified that blocks mitosis at a
critical point in Drosophila morphogenesis. The data
support a role for Tribbles in promoting proteolytic
degradation of String/Cdc25, a key regulator of mitosis.
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During embryonic development, there is a constant trade-
off between the processes that generate numbers of cells
and those that move cells around to their proper locations.
Cells use much of the same cytoskeletal machinery to
change shape, to migrate and to divide into two. How do
embryos synchronize the timing of these processes to avoid
a potentially lethal collision? Three recent papers [1–3],
one published recently in Current Biology [1], address this
issue, and advance our understanding of how mitosis and
morphogenetic movements are temporally controlled. 
Cell division and morphogenetic movements must
be synchronized
In the embryo of the fruit fly Drosophila, 6000 cells are
formed within a few hours after the egg is laid. This first
stage of development proceeds rapidly, driven by
maternally-donated stores of the necessary mRNA and
proteins. Once the cells begin transcribing their own
mRNA, the process of gastrulation begins, in which large
groups of cells are moved from the outer surface of the
embryo to the inside. With the onset of zygotic regulation
of the cell cycle, intricate patterns of cell division also
emerge throughout the embryo.
Gastrulation begins with the invagination of a group of
ventrally located cells that will become the mesoderm,
and subsequently the muscles, fat body, circulatory
system and gonads of the fly. This ‘ventral furrow’ forms
very quickly, on the order of minutes, and the embryo
must time these cell movements quite precisely. As both
ventral furrow formation and mitosis require elaborate
management of the same cytoskeletal molecules, there are
dire consequences when they occur simultaneously. In
fact, cell division inhibits ventral furrow formation. This is
dramatically illustrated by forcing the mesodermal precur-
sor cells into mitosis as they invaginate by overexpressing
the mitotic inducer, String/Cdc25. Under these condi-
tions, ventral furrow formation is blocked, most embryos
cannot gastrulate properly, and they die as a result [1–4].
This type of experiment provides a clear demonstratation
of the importance of timing in development.
string/cdc25 expression controls the timing of mitosis
The timing of cell division is regulated at many levels. The
patterns of cell division that emerge in the fruit fly embryo
at blastoderm consist of about 25 clusters or ‘domains’ of
cells that divide together. These domains arise sequen-
tially over a period of a few hours, so that each domain
undergoes mitosis at a specific time [4]. The cell cycle is
driven by conserved cyclins and cyclin-dependent kinases,
but the rate-limiting regulator of mitosis is the Cdc25-type
phosphatase, String. Furthermore, the timing of mitosis is
controlled by the transcription of string. In each domain,
mitosis is preceded by string transcription, and when
mitosis ends string transcription stops [4]. The timing of
string expression itself is controlled by a battery of tran-
scription factors that have critical roles in the temporal and
spatial patterning of cell fates in the embryo [5,6]. 
The mitotic domains correspond to functional units, each
with specific morphogenetic credentials. For example,
cells in mitotic domain 10 make up the mesoderm, and
cells in domain 9 contribute to the brain [4]. In each
domain, a pulse of string mRNA is synthesized, String
protein is made by translation of this mRNA, and the cells
enter mitosis, generally within about 20 minutes. But
domain 10, containing the presumptive mesodermal cells,
is the one glaring exception to this rule. Oddly, mitotic
domain 10 is the first domain to express both string mRNA
and protein, but the tenth to actually divide.
The trouble with tribbles: cells divide too soon
What prevents the cells in domain 10 from dividing as soon
as string is expressed? This longstanding puzzle now
appears to be solved. Three recent papers [1–3] describe
the identification of Tribbles, a novel inhibitor of mitosis.
The tribbles gene was isolated from three independent
genetic screens in Drosophila. Two screens [1,2] were
designed to find mutations that affect gastrulation, and
mutants were isolated in which the mesodermal precursor
cells had an exploded, woolly appearance as a result of pre-
mature entry into mitosis. One such mutant identified the
tribbles gene (Star Trek fans will recognize the name — trib-
bles mutant cells in the mesoderm resemble the small but
tubby hyper-prolific animals from the television show). As
when string is overexpressed, the precocious mitoses in trib-
bles mutants cause defective gastrulation [1–3] (Figure 1). 
Tribbles appears to be the inhibitor of mitosis in domain
10. In contrast to wild-type embryos, mitosis in domain 10
of tribbles mutants immediately follows expression of string
mRNA. The normal mitotic delay is restored, however,
when tribbles is expressed in the mesodermal precursors of
mutant animals. In embryos that are mutant for both
tribbles and string, no cell divisions occur, and the ventral
furrow forms normally. As string is required for the
divisions to occur, these experiments suggest that tribbles
is necessary to inhibit string function.
The isolation of tribbles in a third screen [3], carried out in
the female germline, supports an interaction between
tribbles and string. During oogenesis, the number of cells,
or cystocytes, is strictly controlled. Gain-of-function
mutations of tribbles were found to cause an extra
cystocyte division, whereas loss-of-function mutations
resulted in too few cystocyte divisions. Interestingly,
mutations in string were also isolated in this screen, and
exhibited the opposite phenotypes to those of tribbles [3].
Thus, tribbles is required to control cell division in at least
two different types of tissue, during distinct stages of
development. The fact that overexpression of tribbles in
the germline caused an additional cell division was
unexpected, and seems paradoxical in light of the
mesodermal phenotype, but may indicate a complex
relationship between the cell cycle and the  mechanism
used to count cystocyte divisions [3].
Tribbles causes String protein to be degraded
If tribbles is used as a timing mechanism to prevent cells
from dividing too soon or too many times, how does it
work? In the most detailed analysis of Tribbles function,
Mata et al. [3] examined the effect of Tribbles overexpres-
sion in embryos and in larval wing imaginal discs, which
contain the cells that will form the wing of the adult fly.
Overexpression of tribbles reduced the number of cells in
the adult wing. Simultaneous overexpression of both
string and tribbles restored wing growth to normal, suggest-
ing that Tribbles and String have opposing functions.
Consistent with this idea is the observation that, while
string mRNA is expressed normally in tribbles mutant
embryos, String protein accumulates to higher levels than
normal. In an elegant series of experiments both in vitro
and in vivo, Mata et al. [3] demonstrated that Tribbles
specifically promotes the turnover of String protein, and
does so by directing its degradation through a proteo-
some-dependent pathway.
The sequence of the tribbles gene suggested that its protein
product might be a serine/threonine kinase, of a class that
includes the yeast proteins Nim1 and Snf1, as well as
several vertebrate homologs of unknown function. The cat-
alytic domain of the Tribbles protein lacks residues that are
conserved among kinases, however, making kinase func-
tion unlikely [1–3]. Indeed, mutation analysis indicates
that Tribbles does not function as a kinase [2], leaving the
question of a molecular mechanism open.
Does a common clock control mitosis and morphogenesis?
If cell division must be coordinated with other
morphogenetic processes, is there a clock that controls both
tribbles and string? One way to have a common clock is to
couple cell division control to the patterning of cell fates, for
example, by putting cell-cycle regulatory genes under the
control of fate-specifying molecules. This type of regulation
has already been documented in the case of string [5–7].
In the embryo, mesoderm is specified by two transcription
factors, Twist and Snail. Twist is thought to activate
mesodermal fates, while Snail represses ectodermal fates
in mesodermal cells [8]. In snail mutants, cells of domain
10 do not acquire mesodermal identity, but take on
ectodermal fates; consequently these cells express string
and divide with the timing of ectodermal cells [9]. The
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Figure 1
(a–d) Wild-type (a,b) and tribbles (c,d) Drosophila embryos, showing
the premature mitoses in the ventral region of tribbles mutants
(brackets). (e,f) Cross sections of wild-type (e) and tribbles (f) embryos.
The ventral furrow (arrow) doesn’t form in the mutant. Mesodermal
precursor cells are labeled with an antibody to Twist (brown). (Images
(a–d) reproduced with permission from [3], (e,f) from [1].) 
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tribbles gene is expressed in a broad, ventral band in the
embryo that includes the mesodermal primordial cells, sug-
gesting that it might be regulated by Twist and Snail [1–3].
Großhans and Wieschaus [2] investigated this link, and
found that Snail function is indeed needed for Tribbles to
block mitosis. Expression of tribbles persists in snail
mutants, whereas string expression in mitotic domain 10 is
lost [2,5]. Interestingly, string expression can be restored in
snail mutants by expressing high levels of twist; the cells still
divide too early, however, indicating that Tribbles is non-
functional in the absence of Snail activity [2]. This points to
a potential role for another gene, früstart, which was also
identified in the gastrulation screens (Figure 2) [1,2]. Muta-
tion of früstart causes a similar mitotic and gastrulation
phenotype as tribbles mutation, and the gene may encode a
cofactor that assists in inhibition of String [1,2]. Future
experiments will shed light on the involvement of früstart,
and how tribbles is regulated by Snail. 
Does tribbles permit rapid mesodermal development?
One puzzle that remains is why string is expressed in
domain 10, before any other domain, if it needs to be
kept inactive. Remarkably, although most tribbles mutants
die, a small percentage of embryos eventually internalize
mesodermal precursor cells by an unknown mechanism.
Although embryogenesis takes much longer than normal,
these animals survive to adulthood [1–3]. This suggests
that rapid ventral furrow formation is not necessary for
gastrulation. Other, more primitive insects — those classi-
fied as ‘short-germ’ insects; Drosophila is a ‘long-germ’
insect — do not invaginate the mesodermal primordium
as rapidly as Drosophila, but internalize it over an
extended period of time. Embryonic development in
these insects takes much longer. It is intriguing to specu-
late, then, that the evolution of tribbles permitted a more
rapid mode of development [1]. Interestingly, regulation
of mesodermal programming by twist and snail may be
conserved in short-germ insects such as Tribolium [10].
Perhaps string expression is activated in these mesoder-
mal precursors via twist and snail. As development pro-
ceeds slowly in short-germ insects, there may be no need
to block String function in order to synchronize cell divi-
sion and morphogenesis. This would predict that tribbles
might not be present in short-germ insects, or, if it is
there, that it has a different function.
The coordination of basic cellular events such as cell
division and cell movement helps to ensure that the
embryo will live long and prosper. The new work
described here demonstrates the role of tribbles in main-
taining this coordination, in both the germline and during
embryonic development. But many interesting questions
remain. Do the cytoskeletal changes associated with cell
movements play a role in activating Tribbles? Does tribbles
regulate String function and the timing of mitosis during
imaginal disc cell cycles? Are there other proteins targets
of Tribbles? And how does Tribbles target proteins for
degradation? We eagerly await the answers to these and
other questions raised by the discovery of Tribbles.
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Figure 2
A model for how mitosis is coordinated with ventral furrow formation
during Drosophila gastrulation. String controls the onset of mitosis.
Tribbles inhibits the activity of String/Cdc25 in domain 10 cells, and
thus allows the ventral furrow to form unhindered. The action of the
mesodermal programming factors, Twist and Snail, may coordinate
these events by regulating both the expression of string, and the activity
of Tribbles, possibly using the product of the früstart gene as a cofactor.
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